ABSTRACT Berchmansus is a small Neotropical genus in the green lacewing tribe Leucochrysini; its larvae and biology are unknown. Adults of Berchmansus adumbratus Navás were found in samples from the Smithsonian National Museum of Natural History Upper Amazonian forest canopy project; these samples came from palms at each of two widely separated Peruvian localities. The same samples also yielded specimens of an unusual leucochrysine larva. For a variety of reasons, we conclude that the larvae are likely conspeciÞc with the adults. If our reasoning proves correct, they would represent the Þrst reported larvae from the genus Berchmansus. Their anatomical features are consistent with either specialized trash-carrying or a naked lifestyle. Here we describe the larvae, and because they have many attributes not previously reported from leucochrysines, we reevaluate the suite of larval features that characterize the tribe. Our analysis illustrates that in both larval morphology and perhaps trash-carrying habits, the tribe Leucochrysini displays a much broader range of variation than previously recorded.
Currently, the chrysopid tribe Leucochrysini contains seven valid genera (Brooks and Barnard 1990 , Tauber 2007 , Tauber et al. 2008b . Of these, larvae have been described for three: Leucochrysa (both subgenera), Gonzaga, and Santocellus (Adams 1987; Tauber 2004; Mantoanelli et al. 2006 Mantoanelli et al. , 2011 Tauber et al. 2008a Tauber et al. ,b, 2011 Tauber et al. , 2013 . Together, these larvae display a large set of distinctive features that heretofore we had considered as characteristic of the tribe Leucochrysini . Larvae are unknown for the remaining four leucochrysine genera (Berchmansus, Cacarulla, Neula, and Nuvol) .
During recent visits to the Smithsonian National Museum of Natural History (USNM), we sorted through a large number of insecticidal fogging samples (in alcohol) that T. L. Erwin and M. G. Pogue collected in the Upper Amazonian forest canopy. Among the Neuroptera that we found were adults of Berchmansus adumbratus Navás and specimens of an unusual chrysopid larva. We identiÞed the larvae as second and third instars, belonging to the tribe Leucochrysini, but we did not recognize the genus or species.
These larvae are exceptional among leucochrysines in several respects: 1) None had packets of trash on their dorsa. Although it is possible that they lost their trash during collection and preservation, to do so would be unusual for leucochrysine larvae. 2) Although the larvae display several of the traits that we had considered diagnostic of leucochrysine larvae, they lack several others. For example, they have the elongate, digitiform thoracic tubercles that are uniquely characteristic of all currently described leucochrysine larvae. However, they also have a narrow, slightly ßattened, fusiform body, and all their dorsal setae are without hooks; both of these features are unknown for leucochrysines. 3) The larvae express an attribute that until now has not been documented for any extant chrysopid larvaÑa series of elongate lateral tubercles (LTs) on abdominal segments A2 through A7. These tubercles resemble those on some myrmeleontiform larvae, except that the setae on the leucochrysine larvae are much longer and more ßexible (e.g., Nymphidae : New 1991; extant Ascalaphidae: Henry 1976; fossil Ascalaphidae: MacLeod 1970) . The only other chrysopid larva that is reported to have elongate abdominal tubercles is the fossil Hallucinochrysa (Pé rezÐ de la Fuente et al. 2012 ), but its tubercles are very unlike those on the leucochrysine larva.
toanelli ) be revised? Moreover, how does the degree of larval variation among leucochrysine genera now compare with that among genera in the other tribes of Chrysopinae? To help provide a basis for answering these questions: we 1) provide evidence for a probable generic and speciÞc identiÞcation of the larvae, 2) describe the larvae, 3) reevaluate each of the 12 larval features that currently characterize the tribe Leucochrysini, and 4) brießy discuss aspects of the larval morphology of this leucochrysine in relation to the biology and phylogeny of the genus.
Materials and Methods
All terminology and methods for the preparation and measurement of the larvae are identical to those we used previously . Ultimately, the specimens will remain in the USNM.
Identification of the Larvae
Normally, we are very hesitant to identify unknown larvae based primarily on contemporaneously collected adults (without rearing), but, as outlined later in the text, we conclude that the larvae in the USNM samples are those of B. adumbratus Navás for a series of three independent reasons as follows:
Taxonomic Considerations. In identifying the larvae, we considered all three chrysopid subfamilies. First, the larvae do not express the well-established distinguishing features of Nothochrysinae (cf DṍazÐ Aranda et al. 2001, Monserrat and DṍazÐAranda 2012) . They also lack the large size and morphological features of the known larvae of Apochrysinae (cf Tsukaguchi 1995; Fig. 129 in Aspö ck and Aspö ck 2007). However, their larval morphology and body size fall well within the range of variation reported for Chrysopinae (cf Tsukaguchi 1995 , DṍazÐAranda et al. 2001 .
Three of the four tribes of Chrysopinae are reported from the New World: Belonopterygini, Chrysopini, and Leucochrysini. The larvae in our samples differ signiÞcantly from those in the Belonopterygini and Chrysopini (cf DṍazÐAranda and Monserrat 1995 ). Although they do not express all of the features shared by the larvae known from three genera in Leucochrysini, they do share many distinctly unique leucochrysine characteristics. For example, they bear a pair of elongate, digitiform tubercles laterally on each thoracic segment; these tubercles are longer than one-half the width of the segment and the prothoracic pair extends to the middle of the head. Larvae in no other chrysopid tribe are known to have such elongated thoracic tubercles, and the feature is considered a synapomorphy of the tribe. Thus, it is unlikely that our larvae represent a previously undescribed tribe, and we are conÞdent that they belong in Leucochrysini.
In several respects, the larvae differ markedly from those of other leucochrysine genera (Leucochrysa, Gonzaga, or Santocellus) whose larvae have been described (see details later in the text). The remaining possibilities among the leucochrysines are Berchmansus, or one of the rare monotypic leucochrysine genera, or a previously undiscovered genus.
Larval Size. The relatively small size of the second and third instars in our samples corresponds well to the Berchmansus adults, which are among the smallest leucochrysines (for relative forewing sizes: see Brooks and Barnard 1990, Tauber 2007) . Cacarulla (also reported from the Amazonian region of Peru) has a body that is much too large to correspond to the larvae in the samples. The adults of the other two monotypic genera are also reported to be large (Navás 1916 (Navás , 1917 ; we have been unable to conÞrm these reports because specimens from these genera are lacking. Thus, on the basis of body size, Berchmansus remains the closest Þt.
Coincidence in Time, Locality, and Habitat of Larvae and Adults. Among the samples we sorted, the larvae in question (n ϭ 11) consistently were associated with adult specimens of B. adumbratus (n ϭ 13). SpeciÞcally, the larval and adult specimens were restricted to samples from two widely separated Peruvian localities, one from Loreto in northern Peru, the other in Madre de Dios in southeastern Peru. At each of these localities, the adults and larvae were taken only from palm trees. We did not Þnd similar adults or larvae among the many other samples that we sorted from nearby or distant localities, or from other types of plants. Furthermore, at each locality, the larval and adult specimens coincided in their collection dates. This complete overlap in time, locality, and habitat constitutes substantial evidence for a close association between the larvae and the adults.
Conclusion From Evidence. Given the diverse sources of evidence mentioned earlier, it is reasonable to postulate that the Peruvian larvae are those of B. adumbratus. We plan to test this hypothesis further by using molecular data from both adults and larvae. Unfortunately, it has proved difÞcult to obtain a reliable molecular signal from our relatively old specimens, which were retrieved from jars containing much organic material collected in 1991. If our efforts continue to be unsuccessful, we will attempt to obtain fresh well-preserved material from either or both of the Peruvian sites in the future.
In the meantime, the generic and speciÞc identiÞ-cations of the leucochrysine larvae remain uncorroborated. Nevertheless, the extraordinary characteristics of the larvae and the novel association of both the adults of B. adumbratus and the unusual larvae with palm trees are of considerable interest and well worth reporting at this time.
B. adumbratus Navás (tentative) Second and Third Instars (Semaphoront B)
Figs. 1Ð5
Diagnosis. Among the leucochrysines, these larvae are distinguished by a fusiform body with a pair of elongate, digitiform lateral tubercles (LTs) on each of abdominal segments A2ÐA7; the absence of hooked setae, but the presence of slender knobbed setae; and distinctive head markings. Long slender setae extend from all surfaces of the thoracic and abdominal LTs; most of these setae (except the ventral ones) terminate in a small knob. The notal setae and the dorsal abdominal setae are Þne, knobbed, and relatively short (compared with the submedian setae [SMS] of other leucochrysine larvae); those on the abdomen are considerably more numerous than those on the notum. The tips of all the dorsal setae (notal and abdominal) often appear to be acute, but relatively high magniÞ-cation (Ͼ150ϫ) and oblique lighting show that they taper and extend distally as extremely Þne Þlaments and they terminate in a small knob.
Body. Dorsum white, with few light brown markings; venter white to cream-colored, without markings. Dorsal integument with dense covering of spinules. Length: 5.3Ð5.8 mm (L2); 6.4 Ð7.2 mm (L3). All setae smooth.
Head. Cranial width: 0.51Ð 0.57 mm (L2), 0.77Ð 0.84 mm (L3); cranial length: 0.42Ð 0.44 mm (L2), 0.58 Ð 0.69 mm (L3). Mandible length: 0.50 Ð 0.53 mm (L2), 0.69 Ð 0.78 mm (L3). Epicranial marking paired, not contiguous mesally, divided into mesal and lateral sections; mesal section light brown, narrow, short, extending anteriorly approximately one-third distance to eye level; lateral arm reduced to very light haze of light brown mesal to eye. Postfrontal marking slightly darker brown than epicranial marking, elongate, extending from midregion of head to base of antenna. Frontal marking brown; basal section, an unconnected pair of small, oblong mesal spots; distal section fused mesally into Y-shape, with distal region of arms fusing with intermandibular marking on clypeal region. Intermandibular marking extending mesally from inner base of mandible, not fusing mesally. Gena without marking; region around eyes and stemmata white. Anterior margin of head with slightly rough, obtuse lateral edges. All setae with acute tips; S1ÐS12 present; S11 longest, S1, S12 longer than others; midregion of cranium with patch of ϳ20 small secondary cranial setae. Labial palpus: basal segment with approximately Þve to six setae, midsegment with distal annulation bearing three long setae, remaining annulations indistinct, with approximately 6 (L2) or 20 (L3) shorter setae, one long basal seta ventrally. Mandible with two short dorsal setae; maxillae with two basal setae. Palpiger with two basal setae, one distal seta. Scape with approximately Þve setae; terminus of pedicel with stout thorn-like projection; ßagellum with long terminal seta.
Thorax. LTs white to cream-colored, without marks; three to four apical setae on the lateral tubercles (LS) dark brown to black, others white to creamcolored; large sclerites (T1Sc1, T2Sc3, and T3Sc2) shiny, very lightly tinged with brown. Spiracles light amber; setae pale to very light brown. Legs creamcolored, without markings.
LTs digitiform, elongate, with LS extending from all surfaces of tubercle (including venter), most dense apically; LS straight to curved throughout, very Þne distally, usually tipped with small terminal knob; dark apical LS, ventral LS somewhat more robust than lateral or dorsal LS, sometimes acute-tipped. Dorsal, lateral surfaces (distal half), ventral surface (entire) with numerous microsetae, mostly on ventral surface. Notal setae slender, tapering distally, tips with small to minute knobs. T1: First primary sclerite (Sc1) large, elongate, irregularly shaped, extending anterolaterally to base of LT, with one seta (possibly S1Sc1) slightly longer than other setae, S2Sc1 not identiÞed. Mesal primary sclerite (Sc2) transparent, oval to triangular, ϳone-sixth length of Sc1. LT (L2) with ϳ45Ð 48 LS; LT (L3) with ϳ80 Ð90 LS. Integument mesal to Sc1 with ϳ10 pairs of medium-length, knobbed setae; regions below, lateral to Sc1 with ϳ12 pairs of medium-length, knobbed setae; primary setae (S1ÐS5) not distinguished.
T2: Anterior subsegment with transverse row of ϳ14 Ð20 medium-length, knobbed setae between spiracles; spiracles with margins sessile, walls of chamber amber-colored, tapering internally, not bulbous; spiracular setae, SSp, not distinguished; small anterior sclerite (Sc1) with three, small associated setae (S1Sc1, S2Sc1, S3Sc1). Posterior subsegment with small anterior sclerite (Sc2) bearing two very small associated setae mesally (S1Sc2, S2Sc2); Sc3 relatively large, circular, approximate size of prothoracic Sc2, associated seta (S1Sc3) not identiÞed; notum with two broad, transverse rows of medium-length, knobbed setae; anterior region (anterior to Sc3) with ϳ24 setae (L2), ϳ32 setae (L3); posterior region with ϳ24 setae (L2, L3). LT bearing ϳ45Ð 48 (L2), ϳ70 (L3) LS.
T3: Sclerites (Sc1, Sc2) each with one, small associated seta (S1Sc1, S1Sc2). Sc3 large, circular, similar in size to mesothoracic Sc3. Notum with three upward folds bearing medium-length, knobbed setae: anterior one along frontal border of segment, with transverse row of ϳ20 setae; middle fold anterior to Sc2, with ϳ48 evenly spaced setae; posterior fold behind Sc2, with ϳ42 setae. LT (L2) bearing ϳ43 LS; LT (L3) bearing ϳ70 LS.
Abdomen. LTs on A1ÐA7 digitiform, elongate (length of each approximately one-third width of segment); LS straight throughout, tips usually very Þne, with small terminal knobs (acute on ventral LS, occasionally on dorsal, apical LS); apical LS dark brown to brown, slightly thicker, more robust than lateral or basal LS. Laterodorsal tubercles (LDTs) absent; each segment with pair of slightly longer, more robust setae (LDS?) in place of LDT. SMS medium-length, pale, tapering distally, knobbed, distributed on the surface in bands as described below. Ventral setae with acute tips. Spiracles sessile, unmodiÞed.
A1: Lateral margins with ßeshy protuberances, each bearing approximately four (L2) or six (L3) intermediate-length, knobbed setae. Lateral region with long, knobbed seta below spiracle (homologous with the spiracular setae, SSp, or the LDS of other chrysopids?). Dorsum with two rows of ϳ12Ð16 SMS (L2) or two bands ϳ20 SMS (L3).
A2ÐA3: L2: LTs with ϳ23 LS on tubercle, approximately two LS on sclerotized base. Anterior dorsal fold with ϳ15 (A2, A3) SMS; posterior fold with ϳ33Ð35 (A2) or ϳ40 (A3) SMS in two bands. L3: LTs with ϳ22 ϩ 8 LS; anterior dorsal fold with ϳ28 (A2) or ϳ14 (A3) SMS; posterior fold with ϳ34 (A2) or ϳ44 (A3) SMS in two bands.
A4 ÐA5: LTs with ϳ18 ϩ 2 LS (L2) or ϳ20 ϩ 6 LS (L3). L2: Anterior dorsal fold with ϳ12 (A4) or ϳ10 (A5) SMS, posterior fold with ϳ40 (A4) or ϳ26 (A5) SMS in two bands. L3: Anterior dorsal fold with ϳ22 (A4) or ϳ10 (A5) SMS, posterior fold with ϳ40 (A4) or ϳ28 (A5) SMS in two bands, each posterior band with one pair of setae longer, more robust than others (homologous with LDS of other chrysopids?).
A6: LTs with ϳ18 ϩ 3 (L2) or ϳ20 ϩ 1 LS (L3). L2: Anterior fold with approximately six SMS; posterior . Head, ventral. Abbreviations: co, cardo; cr, ventral margin of cranium; cx, cervix; epi-l, lateral section of epicranial marking; epi-m, mesal section of epicranial marking; ß, ßagellum; fr, frontal marking; gen, gena; int, intermandibular marking; lp, labial palpus; mb, mandible; mx, maxilla; ped, pedicel; pg, palpiger; post, postfrontal marking; sc, scape; stp, stipes; S1ÐS12, primary cranial setae 1Ð12; Vx, three short posterior setae surrounding a pore.
fold with ϳ24 SMS in two well-separated rows. L3: Anterior fold with ϳ10 SMS; posterior fold with approximately six SMS in each of two well-separated rows, posterior row with pair of setae longer, more robust than others, each arising from small, ßeshy protuberances (homologous with LDT, LDS of other chrysopids?).
A7: LT with ϳ18 ϩ 1 (L2) or ϳ15 ϩ 6 LS (L3). Dorsum (L2, L3) with three rows each with approximately three to four pairs of SMS; posterior row with pair of setae much longer, more robust than others, arising from small, ßeshy protuberances (homologous with LDT, LDS of other chrysopids?). A8: LT small, rounded protuberance with approximately Þve straight LS, with acute tips (one intermediate length, others short). Dorsum with two rows of approximately three short setae each. A9: Dorsum with one pair of intermediate-length setae mesally, approximately six short setae anteriorly, approximately seven setae along each side. A10: Dorsum with approximately four short setae, posterior Þeld of microsetae; terminus membranous with short setae.
Venter: A2 with two pairs of small setae anteriorly, one pair laterally. A3ÐA7 each with pair of LDTs bearing one relatively long seta, one short seta, three transverse rows of four setae: anterior row with mediumlength setae, middle row with short setae, posterior row with long setae. A8 with approximately four rows of setae, longest in posterior row. A9 with numerous short setae in irregular pattern, longest near posterior margin. 
Specimens Examined (Larvae and

Larval Characteristics of Leucochrysini-Reevaluated
Given the unusual leucochrysine larva described earlier, we reevaluate the 12 larval features previously used in characterizing the tribe (for the most recent discussion, see Mantoanelli et al. 2011) . Two of the 12 (#1 and #2) continue to be useful in assigning tribal afÞliation; they are marked with two asterisks (**). A third trait is retained until we can examine the Þrst instar, and a fourth is retained with modiÞcation. The latter two are marked with a single asterisk (*). The other eight traits are removed from the list, and we discuss their value as generic or species-level characteristics.
Features Retained on the List of Leucochrysine Larval Characteristics
1. **Thoracic LTs long: prothoracic LTs extending at least to the middle of the head, mesothoracic and metathoracic LTs longer than half the width of the corresponding segment (all instars). This appears to be the most distinguishing synapomorphy of leucochrysine larvae. It is expressed by all known leucochrysine larvae (including the second and third instars described in this study), and it is not known to occur in larvae from any other chrysopid tribe (for Ankylopterygini: see Tsukaguchi 1995; for Belonopterygini: see Principi 1946, Monserrat and DṍazÐAranda 2012; for Chrysopini: see, Tauber 1974 , 1975 , 2003 DṍazÐAranda and Monserrat 1995; Tsukaguchi 1995; Tauber et al. 2000 Tauber and de Leon 2001; Monserrat and DṍazÐAranda 2012; Silva et al. 2013 ). 2. **Terminal seta of the antenna at least half the length of the ßagellum (all instars). In the leucochrysine specimens dealt with here, the terminal seta of the antenna ranges from 0.65 to 0.73ϫ the length of the ßagellum. These Þgures fall well within the range of other leucochrysines, and at this time, the characteristic remains typical of leucochrysine larvae. It is not known to occur in chrysopine or belonopterygine larvae (Principi 1946 , DṍazÐAranda and Monserrat 1995 , Tsukaguchi 1995 , Tauber 2003 , Monserrat and DṍazÐAranda 2012 . 3. *Prothorax with primary setae S1, S3, S4, and S5 present, S2 absent (all instars) . This character state is expressed by the larvae of all previously described leucochrysine larvae except the L2 and L3 of two species (Mantoanelli et al. 2006 Tauber et al. 2008a Tauber et al. ,b, 2011 Tauber et al. , 2013 ; we have not seen it noted for any other chrysopid tribe. In the second and third instars described here, the large number of secondary setae on the prothorax, which are indistinguishable from primary setae, makes this character difÞcult to interpret. Thus, we retain the character, with a caveat that we await the discovery of a Berchmansus Þrst instar for evaluation. 4. *Abdominal segments A1ÐA5 each with a pair of LDTs, each LDT with one long, smooth, hooked seta (LDS) and one long or short LDS. This character state is expressed by all previously described leucochrysines; in contrast, the leucochrysine second and third instars described here do not have distinct LDTs. However, each abdominal segment (A1ÐA7) has one pair of knobbed setae that are longer and more robust than the other dorsal setae. These setae occur posteriorly and in the position of the LDTs; on segments A5ÐA7, they arise from small, ßeshy protuberances. It is possible that these protuberances and knobbed setae are homologous to the LDTs and hooked LDS of other leucochrysines, and that the character remains useful at the tribal level, if it were modiÞed as follows: Abdominal segments A1ÐA5 each with a pair of LDTs, each LDT with one long, smooth, hooked seta (LDS) and one long or short LDS, or with LDT absent or greatly reduced, but with one long, knobbed seta (LDS?) in its place.
Features Removed From the List of Leucochrysine Larval Characteristics
1. Thoracic tubercles with long, setae (LS), extending in a fan-shape mainly from the apical and lateral surfaces (L2, L3). In the second and third instars described here, like those of all previously described leucochrysine larvae, the thoracic LS are long. Thus, this feature remains a consistent characteristic of the leucochrysine larvae. However, some genera (e.g., Ankylopteryx, Ceraeochrysa, Chrysopodes, Semachrysa) in other chrysopid tribes also have long LS that extend from the LTs in a similar pattern (Tsukaguchi 1995 , Silva et al. 2013 ). Thus, we remove this characteristic from the list of diagnostic leucochrysine features with the note that all known leucochrysine larvae express the trait. 2. Anterior segments of the abdomen thicker than those of the thorax, giving the larva a humpback appearance in lateral view (all instars). A thickened body is typical of trash-carrying larvae in Belonopterygini (Principi 1946) and Chrysopini (DṍazÐ Aranda and Monserrat 1995 , Tsukaguchi 1995 , Monserrat and DṍazÐAranda 2012 ; for neotropical genera, see Tauber et al. 2000 Tauber et al. , 2012 Tauber 2003; Silva et al. 2013 ). The few known larvae of Ankylopterygini (from three genera) are typical trashcarriers (Hö lzel et al. 1990 , Tsukaguchi 1995 , Aspö ck and Aspö ck 2007) and probably have thickened abdomens. All previously described larvae in the leucochrysine genera (Leucochrysa, Gonzaga, Santocellus) also express this feature (Tauber et al. 2008a (Tauber et al. ,b, 2011 Mantoanelli et al. 2011) ; the larva described here represents the Þrst leucochrysine known to have a ßattened, fusiform larval body. Thus, Leucochrysini joins the Chrysopini in expressing generic-level variation in body shape, and the attribute is removed from the list of leucochrysine characteristics. However, the feature remains very useful at the generic level in both Leucochrysini and Chrysopini. 3. Abdominal segments A7ÐA10 small, curved ventrally, and partially telescoped into the anterior segment (all instars). The terminal segments of neither chrysopine nor ankylopterygine trash-carriers are curved and withdrawn, but they are in the belonopterygine Italochrysa (Principi 1946 ) and in the previously described trash-carrying leucochrysine generaÑLeucochrysa, Gonzaga, and Santocellus (Tauber et al. 2008a (Tauber et al. ,b, 2011 Mantoanelli et al. 2011 ). The fusiform leucochrysine described here does not express the condition. Thus, like the earlier feature, this characteristic is useful for differentiating leucochrysine genera, but not the tribe. 4. LTs on abdominal segments A2 and A3 papilliform, with long setae extending from the anterior, dorsal and apical surfaces (L2, L3). This characteristic holds true for the larvae in the previously described leucochrysine genera. However, the digitiform abdominal tubercles of the leucochrysine described here provide a notable exception. We now consider abdominal tubercle length as a useful generic-level character within the Leucochrysini. 5. LTs on abdominal segments A4 ÐA7 spherical to papilliform, bearing long setae mainly on the apical surface (L2, L3). This feature characterizes the larvae in all previously described leucochrysine genera. Again, the larvae described here provide a notable exception, and we now consider the feature to be useful for distinguishing leucochrysine genera. 6. Mesonotum and metanotum each with two transverse rows of long, smooth, hooked (rarely straight) setae arising from chalazae. This feature previously was shown to have two exceptions within Leucochrysa (Leucochrysa); in these species, the L1 lacks hooked setae on the thorax, and the L2 and L3 lack hooked setae in the anterior row of the mesothorax and metathorax ). In the leucochrysine here, the mesonotal and metanotal setae are knobbed and distributed broadly across the dorsal surface. Because of these exceptions, we now consider this character to be useful in differentiating leucochrysine genera and/or species, rather than as a diagnostic feature of the tribe. 7. Abdominal segment A1 with a single row of smooth, hooked SMS, between the LDTs (all instars; L1: four setae in row; L2, L3: number of setae variable). Unfortunately, the samples we sorted did not yield Þrst instars; but the second and third instars provide an interesting situation. First, the LDTs are absent from A1 or they are greatly reduced. Moreover, the smooth and knobbed (not hooked) SMS are distributed across the dorsal surface of A1 in two broad bands (L3) or two rows (L2). Thus, this feature remains typical of Leucochrysa, Gonzaga, and Santocellus, but not all leucochrysines. It is noteworthy that the margins of the knobs on the SMS and LS appear well-sclerotized and slightly expanded; they may represent a hook, the center of which has been Þlled. However, the distal region of the shank is extremely tapered and slender, unlike that on the more robust, hooked SMS of other leucochrysines. 8. Abdominal segments A2ÐA5 with two (L1) or three (L3, L2) rows of smooth, hooked SMS, the posterior row of which lies between the LDTs (L1 with four setae in anterior row, two in posterior row, all between LDTs; L2, L3 with number of setae variable). Here again, although we found no Þrst instars in our samples, the second and third instars deviate from the previously proposed leucochrysine pattern. First, the SMS are knobbed, not hooked. Moreover, they are distributed across each segment in three broad bandsÑ one band on the anterior fold and two bands across the posterior fold. This pattern roughly resembles that of some other leucochrysines (and chrysopines), but homology is not clear.
Biological Notes
Trash-Carrying. On the basis of Þeld and laboratory observations, as well as morphological features, leucochrysine larvae have been classiÞed as trash-carriers (as opposed to naked larvae) (Jones 1929; Adams 1987; Tauber 2004; Mantoanelli et al. 2006 Mantoanelli et al. , 2011 Mantoanelli and Albuquerque 2007; Tauber et al. 2008a Tauber et al. ,b, 2011 Tauber et al. , 2013 . In addition, the trash packets of most leucochrysines that we and others have observed are highly consolidated, not easily dislodged, and, in some cases, interwoven with silk threads (Slocum and Lawrey 1976) . However, the leucochrysines described here did not have trash attached to their dorsal tubercles when we sorted them. Although it is possible that any trash they carried was dislodged during collection and preservation, we cannot conÞrm that the larvae should be classiÞed as trash-carriers. Given their structure and the absence of associated trash, we suggest that either they are naked larvae or they carry a loosely constructed and/or loosely attached packet of speciÞc, small debris.
It is noteworthy that our leucochrysine is similar in general body form to an Early Cretaceous trash-carrying chrysopid, Hallucinochrysa, recently described by Pé rezÐ de la Fuente et al. (2012) . Although the larvae of the two species differ in many respects, both have a slightly ßattened, fusiform body shape, and long, narrow thoracic and abdominal tubercles. The Hallucinochrysa specimen was embedded in amber with a loosely constructed packet of fern trichomes, and therefore it was considered a trash-carrier. Thus, the morphological features of our extant leucochrysine larva may not preclude the trash-carrying habit.
Specialization. All of the adult B. adumbratus and larval specimens that we retrieved from the samples had been collected from the fronds of three genera of palms (Astrocaryum and Jessenia in Madre de Dios and Sheelea in Loreto); notes accompanying the specimens indicate that dry fronds were present on at least some of the palms trees that were fogged, and that the height of the palms extended to 5 m. From these data, we deduce that the larvae may have a speciÞc habitat association with palms and/or a restricted prey association with an organism, or organisms, living on palms.
Specialized habitat and prey associations are known to occur in leucochrysines. For example, Leucochrysa (Nodita) pavida (Hagen) inhabits tree trunks in eastern United States and is known to consistently carry trunk-inhabiting lichens (Skorepa and Sharp 1971, Wilson and Methven 1997) . Similarly, Leucochrysa (L.) insularis (Walker) larvae have only been reported to carry snails and/or snail shells in their trash packets; they also feed on small snails (Jones 1929) . Many genera of palms, including those that yielded the leucochrysine larvae described here, have hairs and other small structures on the lamina and/or leaf axis (Tomlinson 1961) . Perhaps, the leucochrysine larvae carry trash packets containing plant defensive structures for their own protection or camoußage, as do the trichome-carrying Ceraeochrysa lineaticornis (Fitch) and Hallucinochrysa (Eisner et al. 2002 , Pé rezÐ de la Fuente et al. 2012 .
Parasitization. One of the adult specimens in our samples (a female) contained an internal hymenopteran parasitoid larva. The parasitoidÕs body occupied most of the abdominal cavity of the host, and it compressed the host gut against the ventral wall of the abdomen (Fig. 6) . The parasitoid appears similar to the braconid parasitoid (Chrysopophthorus chrysopimaginis Goidanich) reported from the adults of a range of chrysopid species in Italy and France (Principi 1948 (Principi , 1956 Principi et al. 1979; New 1984) . The parasitoid specimen now is preserved in the abdomen of its host (in a genitalia vial inserted into the larger vial containing the lacewing; USNM, Lot 273, cited earlier).
Larval Morphology, Trash-carrying, and Chrysopid Systematics
During the past several decades, larvae within the large tribes Chrysopini and Leucochrysini have received considerable attention, and distinct patterns of generic variation in larval morphology and habits are becoming apparent. The following developments led us to conclude that larval morphology can and will play a greater role in the systematics of the groups than it has in the past.
Of the two tribes, the Chrysopini includes many more genera, and it also has the broader range of intergeneric variation in larval structure and known habits. For example, the tribe is documented to have naked, fusiform larvae, trash-carrying, globose larvae, as well as intermediate forms. Each of these larval forms is associated with a large and diverse array of anatomical structures, and also distinctive ecological and behavioral traits. Importantly, these characteristics vary markedly and distinctively among chrysopine genera [for summaries, see: DṍazÐAranda and Monserrat 1995, Monserrat and DṍazÐAranda 2012 (European Chrysopini); Tsukaguchi 1995 (Japanese fauna); Tauber 1974 Tauber , 1975 Tauber , 2003 Tauber et al. , 2012 Tauber and de Leon 2001; Silva et al. 2013 (New World taxa) ].
In contrast to the Chrysopini, and until now, it was thought that the larvae of all leucochrysine genera were trash-carriers and that they exhibited a relatively limited range of variation in larval morphology see earlier) . Given the unusual leucochrysine larva described here, it now appears that the tribe Leucochrysini also expresses a broad range of variation in larval anatomical structures (and perhaps lifestyle)Ñmuch more than previously recognized. However, despite this background of diversity, a suite of distinctive leucochrysine characteristics are evident.
In our view, the large diversity and stable patterns of morphological variation currently documented in extant and fossil chrysopid larvae illustrate two pointsÑ one old, one new: 1) As stated earlier (Tauber 1975 , Monserrat and DṍazÐAranda 2012 , Pé rezÐ de la Fuente et al. 2012 ), trash-carrying may have arisen and been lost numerous times in the Chrysopidae, and thus the presence/absence of "trash-carrying," and some of the morphological adaptations associated with it, are likely to express homoplasy. 2) However, we now know that trash-carrying (and/or the absence of it) is based on large and diverse sets of distinct morphological features, the distribution of which is very stable and systematically revealing at all taxonomic levelsÑ from species through subfamily (for some examples, see: DṍazÐAranda and Monserrat 1995 , DṍazÐAranda et al. 2001 , Monserrat and DṍazÐ Aranda 2012 . Given this situation, it appears that comparative larval morphology constitutes a much richer source of phylogenetic information than has been appreciated to date. Now, although we reiterate our earlier call for caution in selecting larval characters for use in chrysopid phylogenetic studies (Tauber 1975) , in doing so, we emphasize that the larval morphology and behavior related to trash-carrying offer a rich source of valuable characters from which to choose. 
